Objective: to review the literature on ventilator-associated pneumonia in a neonatal and pediatric intensive care unit, the main substances and vehicles used for oral hygiene, and to propose an oral care protocol for the prevention of ventilator-associated pneumonia, prioritizing the oral comfort and providing a better quality of life. Material and Methods: search in databases from 2000 to 2018, with focus on oral care in neonatal and pediatric intensive care units, using the following descriptors: Ventilator-associated pneumonia; Aspiration pneumonia; Neonatal intensive care unit; Pediatric intensive care unit; Oral hygiene. Results: we selected 26 articles with neonatal and pediatric approach for preparation of the protocol proposal, which must be planned according to the availability of material and human resources, hospital profile, and must be based on scientific evidence. Conclusion: oral care protocols contribute for reducing the risk of infections in intensive care units, reducing the length of stay and hospital costs. Each hospital must develop its own protocol based on available scientific literature and on clinical experience of professionals involved.
Introduction
C onsidered the main cause of complications in hospital environments, infections are still a serious public health problem due to the high rates of morbidity, mortality and the increase in cost of hospitalization. The ventilator-associated pneumonia (VAP) is among the most common infections in intensive care units (ICU), being the inhalation of the contents in the oropharynx one of its possible etiologies. [1] [2] [3] [4] [5] [6] The Brazilian Health Regulatory Agency (Anvisa) provides the minimum requirements for the operation of an ICU and presents other providences. According to the RDC Anvisa resolution no. 7 of February 24, 2010, the neonatal (NICU) and the pediatric (PICU) ICU should be divided by age and profile of underlying disease, being classified as: NICU, destined for care of patients aged between 0 and 28 days of life; PICU, destined for care of patients aged between 29 days to 14 years or 18 years, the latter being the limit set according with the routines of the institution; mixed pediatric ICU (MPICU), destined for care of newborn and pediatric patients in a same unit, but with physical separation between the environments. 7 Patients in the NICU and PICU on mechanical ventilation (MV) are highly susceptible to infections, since they have several factors such as immune system immaturity, low weight, immunosuppression, polypharmacy, use of broad-spectrum antibiotics, need for invasive procedures, enteral nutrition, in addition to factors associated with the environment and to health professionals. [8] [9] [10] [11] [12] Even with teeth absence, many micro-organisms are found in the oral cavities due to local characteristics, as humidity, temperature, high tension of oxygen, and constant presence of food, making the cavity favorable to the proliferation and adhesion of microorganisms to the mucosa, alveolar ridge, tongue, palate and oropharynx, in addition to the orotracheal intubation tube. 1, 13 Dental care and oral hygiene are effective methods in decontamination of oral cavity, contributing to VAP prevention, and are present in several preventive measures, as well as the hydration of lips and oral mucosa. 1 The literature is solidified regarding the importance of specific protocols in adult patients on MV in VAP prevention. [1] [2] [3] [4] [5] [6] There are few studies about NICU and PICU, and there is still no consensus on what would be the best technique to be performed in them, as well as the best substance for use, the frequency and of how to perform the removal of dental biofilm. 9, [14] [15] [16] [17] Given this, we observed the need to define an effective oral care protocol in this type of ICU, so that it can be applied with the aim of VAP prevention, providing oral comfort and improvement of the quality of life.
Material and Methods
For the preparation of this article, a descriptive, non-experimental literature review was carried out from 2000 to 2018, in the databases Pubmed, Bireme, Scopus, Scielo and Google Scholar. Studies focused on VAP and oral care with emphasis on oral hygiene protocols, substances used, cleaning methods, devices to be used and products used for hydration of oral and labial mucosa in NICU and PICU. The health sciences descriptors (DeCS) used were: ventilator-associated pneumonia; neonatal intensive care unit; pediatric BASSAN LT, PERES MPSM, FRANCO JB intensive care unit; oral hygiene; prevention & control, in Portuguese. And pneumonia, ventilator-associated; intensive care units, neonatal; intensive care units, pediatric; oral hygiene, in English. Twenty-six articles that were directly related to the subjects and considered relevant for the construction of the oral care protocol were selected.
Results

Physiopathology of Ventilator-associated Pneumonia in Neonatal and Pediatric ICU
VAP is an infection of the lower airways caused by migration and proliferation of endogenous, pathogenic, primary and secondary microorganisms, originating from other locations. It develops 48 hours after the beginning of the MV and is considered up to 72 hours after airway extubation. 1, [3] [4] [5] [6] VAP is associated with the increase in the length of stay and excessive use of antimicrobials, with increase in rates of morbidity, mortality and costs. 1, 6 Its main etiology is the inhalation of contents in the oropharynx. 18 Abuabara et al., in 2014, estimated that VAP is responsible for a cost of R$ 748.37 per patient, per day, in the Brazilian Unified Health System (SUS), with average increase of 10 days in hospitalization, resulting in increase of R$ 7,000.00 in cost, per patient, per VAP episode. 6 Wehbe et al. 17 performed a study that identified the major risk factors for the VAP in Pediatrics, as: prematurity (<28 weeks of gestation); immunological immaturity; colonization of mucosae by external agents; prolonged period of invasive MV; non-sanitation of hands before and after handling the patient; lack of hygiene of oral cavity; unnecessary handling of patient; non-elevated decubitus; and non-performance of suctioning of oral cavity. 12, 15, 16, 18 Dal-Bó et al. 11 published that the incidence rates of hospital infection reported in Brazilian NICU are 45.8%, with general mortality of 12.1%, and mortality from nosocomial infection in 33.8%.
Oral Care Protocols in Neonatal and Pediatric ICU
Franklin et al. 19 mentioned that evidence-based protocols were established for some groups of patients, such as oncologic and hematologic children. However, they emphasize that other protocols must be established for newborns and children in ICU.
In 2012, the Institute for Healthcare Improvement (IHI) published a handbook on VAP prevention in PICU and NICU, demonstrating the main changes in relation to protocol of adults. It had the following recommendations: elevation of the head of the bed between 15° to 30° in neonatal units, and from 30° to 40° in pediatric units; prophylaxis of peptic ulcer and deep vein thrombosis as appropriate to the age and medical condition of the child; reduction of sedation in children was not recommended due to risk of extubation. In addition, the IHI indicated understanding of oral care appropriate to the age and risks of patients; use of chlorhexidine to hygiene in children over two months, keeping the oral cavity always clean; maintenance of the ventilator circuit every 2 hours and its exchange when with visible dirt or defective functioning; careful hygiene of hands before and after contact with patients and with the equipment; and storage of oral aspiration devices in a plastic bag when not in use. 8, 10, 14, 16, 19, 20, 26 Ullman et al. 20 demonstrated wide variation in oral hygiene practices performed by the nursing staff of a PICU, and argued that the oral health can be better managed through institution of oral hygiene protocols based on evidence specific to children in ICU and multidisciplinary team training.
Among the oral care, the authors cite the use of substances for performance of oral hygiene, as dentifrices and fluoride solution, enzymatic solution based on lactoperoxidase, chlorhexidine in several concentrations, 0.9% saline solution, hydrogen peroxide (10 volumes), distilled or sterile water, and bicarbonate water at 3%. These can be applied with infant toothbrush, or foam swab or sterile gauze. 1, 2, 5, 6, 13, 14, [19] [20] [21] [22] [23] [24] The hydration of lips and mucosae is recommended with substances based on lanolin, water soluble gel and/or oral lubricant to prevent oral dehydration or ulcerations. 1, 22, 24 The current guidelines of the New Zealand Dental Association 25 recommend that babies' gums whose teeth have not yet erupted should be cleaned and moistened with a small and soft toothbrush or gauze moistened with clean water or saline solution.
Santos, 2 in turn, demonstrated that the use of enzymatic solution based on lactoperoxidase was effective in reducing oral microorganisms, due to its antimicrobial and moistened action.
Johnstone et al. 14 described the importance of oral care in children in ICU, and that this would be determined by the patient's systemic condition, prognosis of main disease, and presence of teeth.
Padovani et al. 24 developed an oral care protocol in the NICU through clinical evidence and literature review. Four substances were compared: 0.12% chlorhexidine digluconate, bicarbonate water at 3%, 1.5% hydrogen peroxide, and enzymatic solution. The 0.12% chlorhexidine digluconate was considered the best option due to its efficacy proved in the literature. They opted for the hydration of mucosae and lips with artificial saliva and with lanolin, respectively.
Regarding the use of substances and methods employed in the oral care in NICU and PICU for patients on MV, 26 articles with neonatal and pediatric approach were found. Of these, 18 articles indicated oral care with the use of substances recommended in children based on clinical studies and literature reviews. There were observed eight specific recommendations for Pediatrics, 25 
Description of Clinical Protocol of Oral Care for Patients in NICU and PICU
The aforementioned literature contributed to the development of an oral care protocol for NICU and PICU, aiming to: a) improve knowledge on oral health and hygiene for nursing professionals; b) oral care maintenance; c) prevent complications due to deficient oral hygiene and dehydration of oral mucosae; d) reduce the dental biofilm and decontaminate the oropharynx; e) prevent and reduce the VAP risk; f) promote oral comfort and quality of life to the patient.
Our protocol was developed based on the literature review and critical analysis of substances used, associated with our clinical experience. We recommend its implementation according with the availability, cost and accessibility of materials in the hospital environment, and with the ICU patient profile (Figure 1 ).
Additional guidelines were included in the protocol aiming to alert nurses and multidisciplinary teams when there is a need to change or add items to the oral care flowchart,-for example, to request the presence of a dental surgeon in the case of other changes that do not fit the routine protocol.
Discussion
Due to the scarcity of data about VAP prevention in NICU and PICU, most measures implemented were based on protocols and results obtained from adult patients. 1, 6, 8, 9, 13, 14 Our search resulted in 26 articles that reported oral care in this particular group of patients, with only 18 articles suggesting products for oral hygiene based on clinical trials or literature reviews, showing that there is a lack of studies in these patients, and that the oral care is considered a growing demand in the NICU and PICU, and the development of a protocol of specific oral care becomes necessary and in accordance with the reality of each hospital, which can be built based on scientific evidence associated with the experience of professionals in the field, as the ones mentioned in this study.
VAP is cited as an increase factor in rates of permanence and mortality. [11] [12] [13] It is argued that in these units the nosocomial infections tend to be more frequent 13 , and that it occurs most commonly in children younger than 1 year. 18 Due to the absence of teeth or enteral feeding, we have the mistaken perception that there is no need for oral hygiene. However, microorganisms can adhere to other structures such as mucosae, gingival ridges, tongue, or even to orotracheal intubation tube, causing oral care to be included in the routine of general care in the NICU and PICU. 8, 14, 19, 20 Johnstone et al. 14 highlighted the relationship between poor oral hygiene in ICU and the increase in accumulation of dental biofilm, and bacterial colonization of the oropharynx in children, and emphasized the importance of oral hygiene even in the absence of teeth.
Kusahara et al. 27 showed that the use of the antiseptic solely provided no significant changes with regard to the presence of pathogenic microorganisms. However, when associated with the mechanical removal of the dental biofilm, the authors could observe a significant decrease in the quantity of pathogenic bacteria in the oral cavity and improvement of the periodontal health.
Marino et al. 40 show that patients on MV showed oral health improvement after the brushing that could be performed with both with sponge swab and with conventional dental brush, and that both interventions were equally effective in the removal of dental biofilm and in the reduction of gingival inflammation. In addition, several studies used sponge swab as effective vehicle in the disorganization of the dental biofilm, showing the advantage of having low cost, being disposable and easy to handle. 1, 4, 6, 19, 25, [27] [28] [29] 36 The use of sterile gauze can also be used for oral hygiene. 14, 24, 32, 35, 36, 38 We do not recommend the use of cotton rods, as those used by Tinoco et al., 32 due to the risk of detachment of the cotton and difficulty of removal from the oral cavity.
Among the most recommended substances for toothless newborns and babies, we have: bicarbonate water at 3%, 24, 34 enzymatic solution based on lactoperoxidase, 24, 32 hydrogen peroxide, 24, 35 distilled or sterile water 14, 15, 34, 35, 37 and saline solution. 14, 29 It is crucial to be careful on the guidance on adjuvant solutions to the mechanical methods used in the cleaning of the oral cavity due to risk of damage to the oral mucosa. 3 Bicarbonate water at 3% is recommended do its antimicrobial and alkalizing effects. We indicate its use because no unwanted reactions were observed in the studies that related it to oral care. We do not indicate its use in newborns due to lack of scientific evidence on their safety. 24, 35 The enzymatic solution based on lactoperoxidase has, in addition to the antimicrobial effects cited in the studies of Santos et al. 2 and Padovani et al., 24 moisturizing action which assists in maintaining hydration and health of mucosae and is widely recommended in NICU and PICU.
The hydrogen peroxide (10 vol.) is another substance observed on the recommendations available due to its antimicrobial effect. However, despite cited in the literature consulted, we do not indicate its use in oral hygiene. It induces the formation of foam, which can, besides causing discomfort to the patient, be inhaled due to the swallowing reflex. 24, 32, 35 The use of distilled or sterile water showed no undesired effect and was indicated for being an effective method in assisting the removal of residues that may be in the oral cavity, in a safely manner since they occur in their neutral form and free from impurities. 5, 14, 15, 34, 35, 37 In adults, we observed that the main substance used and recommended was the 0.12% chlorhexidine digluconate due to its bactericidal and bacteriostatic effects for up to 12 hours, and with wide range of bacterial reduction both aerobic and anaerobic, Gram-positive and Gram-negative. 1, 2, [4] [5] [6] 18, 23 The 0.12% chlorhexidine digluconate was recommended at different concentrations by 14 authors; however, the majority indicated its use only in PICU. No serious adverse effects or those that could not be reversed with cessation of the use of substance were demonstrated. 14,15,17,19,24,27-32, 34,36,38,40 We chose to use it in our protocol only in toothed children.
Abuabara et al. 6 showed a total expense of R$ 2.32 per oral hygiene procedure, per patient, summing with gloves, gauze and 0.12% chlorhexidine digluconate solution, opposed to an overestimated value of R$ 7,000.00 spent in SUS, at each VAP episode developed.
Besides the substances used for oral hygiene, we emphasize that a humid oral mucosa is essential for both comfort and reduction of symptoms of hyposalivation, as well as the hydration of the lips, avoiding dryness and fissures that can be gateways to microorganisms responsible for influencing the general patient's condition and causing discomfort and decrease in quality of life. Several products may be recommended for this purpose, such as lanolin, 24, 32 petrolatum, 14,15 5% dexpanthenol, 36, 38 essential fatty acids 36 and oral water-based lubricant. 24, 36 We indicate the use of the gel of carboxymethylcellulose (CMC) at 3% due to the good results in relation to the hydration of oral mucosae. We recommend that these are applied regularly, according to the patient's need and availability of substances in each unit.
Aiming to guide the team to other oral diseases that may occur during hospitalization, as oral candidiasis, we advise the use of Nystatin 100,000 units, four times a day for 14 days.
The drooling can be treated with administration of scopolamine, and has been shown to be a safe and effective method, 32 avoiding rashes of the skin in the perioral region, decreasing the risk of infections and inhalation of the oropharyngeal contents.
The PICU can hospitalize patients up to their 18 years of age. During the hospitalization, which can be prolonged due to the prognosis of the underlying disease, there may occur several intraoral modifications, such as exfoliation of the deciduous teeth that must be removed in case of mobility, aiming to prevent inhalation. 1, 13, 14 It is important for each institution to develop and establish their oral care protocols, according to the needs of its patients and availability of the team. In PICU and/or NICU we must consider the presence or absence of teeth, and which substances provide a higher benefit on the individual assessment of each patient. 1 The awareness of the members of the multidisciplinary team on oral care is important in the process of prevention of infections, given that this training must be performed by the surgeon dentist.
Conclusion
The implementation of oral care protocols in hospital environments provides great benefits, especially for the improvement of oral health and removal of oral infection impacting on reduction of infections.
Our protocol was developed based on the review of the literature available and critical analysis of substances used, and must be implemented according to the availability, cost and accessibility of materials in each institution, based on the ICU profile.
We highlight the importance of research and publication of studies based on scientific evidence that improve patient care in the NICU and PICU contributing to the VAP prevention, oral comfort and quality of life. 
